INTRODUCTION
Bensultap, S,S'-2-dimethylaminotrimethylene di(benzenethiosulfonate) which is an analog of the nereistoxin (NTX) derivatives, has strong insecticidal activity against the Colorado potato beetle, rice stem borer, diamondback moth, rice leaf roller, etc., on many kinds of crops. The present paper describes an analytical method of residual bensultap in crops and soils. It is well known that thiosulf onates react with thiols to give disulfides. Bensultap containing the thiosulf onate groups reacted with cysteine (CySH) in acidic solution to give disulfide (NTXS). By basifying the solution in the presence of excess CySH, NTXS could be easily converted to NTX, which was determined by GC (Chart 1). The purification method for the analysis of residual bensultap was a modification of the analytical method of cartap.2 ANALYTICAL METHOD
Apparatus
A gas chromatograph (Shimadzu Corp. Model GC-4BM), a mill (Mitamura Riken Kogyo Inc., Retsch Cross Beater Mill), a blender (Nikon Seiki Co., Ltd., Model HD-2), a shaker (Iwaki Co., Ltd., Model V-DN), a rotary vacuum evaporator (Yamato Scientific Co., Ltd., Model RE-41), a refrigerated high speed centrifuge (Tomy Seiko, Co., Ltd., Model RS-18GL) and a filter funnel (Kiriyama Glass Factory, Kiriyama Rohto, Model S-60) were used in this study.
Chemicals and Reagents
Analytical standards: Bensultap (purity over 99%, Takeda Chemical Industries, Ltd.) and NTX oxalate (analytical grade, Wako Pure Chemical Industries, Ltd.) were dissolved in acetonitrile and methanol, respectively, to give necessary concentrations. The solutions were used as standards.
Chromatographic cleanup column: alumina (E. Merk A G., neutral, for column chromatography) was activated at 140C for 4 hr and distilled water was added to it to have a concentration of 6%. The column (15mm i.d.) was prepared by successively adding 20 g of alumina suspended in n-hexane and about 3g of anhydrous sodium sulfate and prewashed with 50ml of methylene chloride-acetonitrile (98: 2). Two % nickel chloride solution: 2 g nickel chloride hexahydrate was dissolved in 100 ml of distilled water. Acidic CySH reagent (1, 2 or 3%): 10, 20 or 30g L-CySH hydrochloride hydrate was dissolved in 1000 ml of 0.02N HCI. Alkaline CySH reagent (1, 2 or 3%): 5, 10 or 15g L-CySH hydrochloride hydrate was dissolved in 490ml of distilled water and to the solution 9 ml concentrated ammonium hydroxide (28% NH3) was added. A new alkaline CySH reagent was prepared for each analysis.
3. Extraction from Potato Tuber, Potato Leaf, Corn, Grape, Tea, Cabbage, Chinese Cabbage, Radish Root and Radish Leaf A 50-g sample of corn or grape, a 50-g sample ~of chopped potato, cabbage, Chinese cabbage or radish, or a 10-g sample of powdered tea was blended with 150 ml of acidic CySH reagent (1%) for 3 min. Each mixture was blended again for 3 min with 5ml of 2 % nickel chloride solution and 5 ml of concentrated ammonium hydroxide, and this mixture was centrifuged at 8500rpm for 10min.
The residue was washed twice with 50-ml portions of alkaline CySH reagent (1%).
Extraction from Rice Grain and Straw
A 50-g sample of ground rice grain or a 25-g sample of ground rice straw was shaken with 250 ml of acidic CySH reagent (2%) for 15 min. Each mixture was shaken with 5 ml of 2% nickel chloride solution and 6 ml of concentrated ammonium hydroxide for 15min. The mixture was centrifuged to obtain the extract from rice grain and the procedure was repeated as described in the previous column. To obtain the extract of rice straw, the mixture was filtered through a filter paper (No. 5A) on a filter funnel (Kiriyama Rohto, Model S-60) containing a 1-cm layer of Hyflo-Supercel. The filter cake was washed with two successive 50-ml portions of alkaline CySH reagent (2%), each successive alkaline CySH reagent being added to the filter as the previous one drained through.
Extraction from Soil
Soil samples were passed through a 5-mm sieve prior to use. A 20-g (dry base) sample was shaken with 100ml of acidic CySH reagent (3%) for 15 min. The mixture was shaken with 5 ml of 2% nickel chloride solution and 5 ml of concentrated ammonium hydroxide for 15 min. The mixture was centrifuged at 8500 rpm for 10min. The residue was washed two times with 50-ml portions of alkaline CySH reagent (3%).
Cleanup
The aqueous extract was partitioned three times with 300-ml portions of diethyl ether; each time the diethyl ether was filtered through 50 g of anhydrous sodium sulfate supported by a cotton plug in the filter funnel. The diethyl ether extracts were combined and concentrated to approximately 50 ml on a rotary evaporator at 35C. The concentrated ether solution was partitioned three times with 40-m1 portions of 0.02 N HCI. To the combined aqueous layer, 3ml of concentrated ammonium hydroxide was added. The aqueous solution was extracted three times with 50-m1 portions of methylene chloride; each time the methylene chloride was drawn off through 25 g of anhydrous sodium sulfate placed in the filter funnel plugged with cotton.
The combined methylene chloride extracts were concentrated to approximately 20 ml on a rotary evaporator at 35C and the concentrate was quantitatively transferred to a 100-ml pear-shaped evaporation flask. The contents of the flask were concentrated to approximately 1 ml and finally evaporated to dryness at room temperature in a slow current of air or nitrogen. Immediately afterward the residue was dissolved in 1 ml of methanol and was retained for GC analysis.
In the case of cabbage, Chinese cabbage, radish leaf and radish root, purification by alumina column chromatography was necessary in addition to the above mentioned cleanup procedure. Immediately after the purification the residue was dissolved in 2 ml of methylene chloride-acetonitrile (98: 2). The solution was poured onto the alumina column and percolated through the column. The column was developed with methylene chloride-acetonitrile (98: 2) at a flow rate of 2ml/min. The initial 10-ml of the effluent was discarded and the next 50-ml was collected. The eluate was concentrated to about 1 ml and finally evaporated to dryness at room temperature in a slow current of air or nitrogen. Immediately after the evaporation the residue was dissolved in 1 ml of methanol and retained for GC analysis.
Determination by GC
A 5-,al aliquot of the NTX standard solution (0.2-5ag/ml) or a sample solution was injected into GC with a flame photometric detector (FPD) operating in the sulfur mode. A 3 mm i.d.x1.5m glass column packed with 5% PEG 20 M on Gas Chrom Q (60/80 mesh) was used. The operating temperatures of the column, detector and inlet were set to 165, 200 and 200C, respectively. The gas flow rates of nitrogen (carrier), hydrogen and air were adjusted to 30, 100 and 50 ml/min, respectively. A calibration curve obtained from the standard solution was used for the determination of NTX.
EXPERIMENTAL 1. Apparatus and Chemicals
A Vortex-type mixer (Taiyo Kagaku Kogyo, Model S-5N), nereistoxin monoxide (NTXO) oxalate (purity over 99%, Takeda Chemical Industries, Ltd.) dissolved in methanol and LCySH hydrochloride hydrate dissolved in distilled water were used.
High Performance Liquid Chromatography
A modular high performance liquid chromatograph (HPLC) equipped with a constant flow pump (Waters Associates Inc., Model 6000A), a valve-type injector (waters Associates Inc., Model U6K), an amperometric detector (Inca Kogyo, AMD Model E-502) and a 4 mm i.d. x25cm;stainless column packed with TSK gel ODS-120T 5am (Toyo Soda Manufacturing Co., Ltd.) was used.
The operating conditions were: column temperature, ambient; mobile phase, 0.01 M ammonium acetate-acetonitrile (4: 6 v/v for determining bensultap, 3 ml/min), 0.1 M ammonium acetate-acetonitrile (99: 1, 5: 5 and 9:1v/v for determining NTXS, NTX and NTXO, respectively, 1ml/min); and detection, AMD 1000mV.
Stability of Bensultap in Aqueous Solutions
The bensultap standard solution (50ag/ml) of 100l was mixed with 5 ml of buffer solution (Britton Robinson) of pH 2, 3, 5, 7 or 9. After the solution was retained at 25C for appropriate lengths of time, bensultap remaining in the solution was determined by HPLC (injection volume, 1001d).
The Reaction of Bensultap with CySH
In a test tube 9 ml of the buffer solution (pH 2, 4, 6, 8 or 10) and 1ml of the aqueous CySH solution (0.1-25amol/ml) were placed. To the tube 100al of the bensultap standard solution (0.5amol/ml) or the NTXO solution (0.5 amol/ml) was rapidly added while it was agitated vigorously on a Vortex-type mixer. The agitation was continued for the following 5 sec. Then the mixture was allowed to stand at ambient temperature.
Aliquots of 10al were withdrawn at appropriate intervals and were injected into HPLC. Bensultap standard solution (0.1,amol/ml) of 5 ml was added to the mixture of 4 ml of the buffer solution of pH 4.0 and 1ml of the aqueous CySH solution (5 or 250amol/ml) in a similar manner as above. The mixture was allowed to stand for 30min at ambient temperature.
The solution was diluted 10 times by the buffer solution of pH 12. Aliquots of 10al were withdrawn at intervals and injected into HPLC.
Partition of NTX into Diethyl Ether (or
Methylene Chloride) and Aqueous Ammonia Solution CySH hydrochloride hydrate of 0.5 g was dissolved in 45 ml of water saturated with diethyl ether (or methylene chloride) and mixed with 100ul of the NTX standard solution (0.5 ag/ml). The mixture was allowed to stand for 10 min and to it 2.5 ml of 2 % nickel chloride solution (or water) and 2.5 ml of concentrated ammonium hydroxide were added. Immediately afterward or after shaking the abovementioned aqueous NTX solution for 30 min, 50 ml of diethyl ether (or methylene chloride) saturated with water was added to the NTX solution. After shaking the mixture for 1 min, the layers were allowed to separate. After dehydration of the organic layer with anhydrous sodium sulfate, the solution was concentrated to dryness.
The residue was dissolved in 1 ml of methanol and NTX in the solution was determined by GC.
RESULTS AND DISCUSSION
Stability of Bensultap
In organic solvents such as acetone, acetonitrile and chloroform bensultap was stable enough not to show any sign of decomposition when its 1 ppm solution was kept at 40C for 3 hr or in a refrigerator (0-5C) for 1 week. However, when bensultap (1ppm) in methanol was held at 40C, 73, 54 and 53% of it remained after 1, 2 and 3hr, respectively. Bensultap in the aqueous alkaline solution was rapidly hydrolyzed to give NTXO (Chart 2) but was rather stable at acidic pHs (Fig. 1 It is well known that thiosulfonates react with thiols to give disulfides. Bensultap containing thiosulfonate groups reacted with CySH in an acidic solution to give NTXS. NTXS was converted to NTX by an addition of concentrated ammonium hydroxide after (method A: extraction in an acidic state) or before (method B: extraction in a basic state) the separation of the extract from the residue. CySH is comparatively stable in an aqueous acidic solution but in an aqueous basic solution it is easily oxidized to give cystine (CySSCy). Since CySSCy is hardly soluble in water com- The effect of CySH concentration on extractability of bensultap was examined. A CySH concentration of 1% in an extraction solvent (0.02N HCl) was sufficient to obtain a satisfactory recovery of bensultap from the potato, corn, grape, tea, cabbage, Chinese cabbage or radish. However, CySH concentration of more than 2% were necessary for the extraction from the rice grain and straw, and more than 3% from the soil (Table 1) .
The Reaction of Bensultap with CySH
After the reaction of bensultap with CySH in buffer solution of pH 2, 4 or 6, the solution was injected into HPLC and the chromatogram in Fig. 2 was obtained. It was found that one of the peaks represented benzenesulfinic acid and another NTXS. The stronger the acidity, the slower the appearance and disappearance of NTXS (Fig. 3) . The formation of NTXS immediately (15 sec) after the initiation of the reaction increased as the concentration of CySH got higher, reaching a plateau in the presence of excessive of CySH. The plateau was lower at pH 6 than at pH 2 and 4 (Fig. 4) . NTXS rapidly decreased in an aqueous solution as the concentration of CySH increased (Fig.  5) . NTXS was gradually transformed to NTX even in an acidic solution (Table 2 ), but transformation was more rapid in a basic solution (Table 3) . This is considered to be the S-S interchange reaction which is catalized by thiol anion (-S), because the addition of thiol (-SH) to the solution at a basic state markedly facilitates the reaction. It is possible that the formation of NTXS competes with the hydrolysis of bensultap.
No NTXO, the hydrolysis product of bensultap, was detected 0, 15, 30 and 60 min after the addition of the bensultap standard solution (0.05 mol) to the buffer solution of pH 4 or 6 containing CySH (2.5 or 25 mol). When NTXO was added to the buffer of pH 6, NTXO decreased with time (Fig. 6) . It was supposed that NTXO was reduced to NTX by CySH. Reduction rates of NTXO by CySH increased as basicity increased (Fig. 7) . On the other hand, both bensultap and NTX were not detected just after bensultap reacted with CySH at pH 4. These results show that the formation of NTXS at pH 4 precedes the hydrolysis reaction of bensultap.
The effect of concentration of CySH on conversion rates of bensultap to NTX was examined under the conditions of the present analytical procedure (NTX converted from bensultap is determined by GC after appropriate cleanup) in the absence of crop components. With more than 50 umol of CySH to 0.05 smol of bensultap, NTX more than 90% of the theoretical conversion amount was recovered (Fig. 8) .
Purification
In the presence of CySH, partition of NTX into diethyl ether (or methylene chloride) and aqueous ammonia solution was examined (Table 4 ). The fractional quantity of NTX in the nonpolar phase of the partition with pretreatment of shaking the aqueous layer for 30 min was smaller than the quantity without pretreatment. This is possibly attributed to the formation of (NTX) n polymer (Chart 3) in addition to the air oxidation of NTXH to NTX, which is partially converted to NTXH in the presence of excess CySH. In the presence of Nit, the fractional quantity of NTX in the non-polar phase was not affected by the pretreatment. Since Ni2+ forms a chelate with NTXH, the formation of (NTX) n polymer could be depressed. Therefore, in this analytical method, Ni2+ was added to the sample solu- tions after the formation of NTXS. (The addition of Ni2+ was sometimes unnecessary due to the presence of substances which behave like Ni2+ in some crops. However, Ni2+ was added for the analysis of all samples, because Ni2+ did not produce any negative effect.) In order to remove substances interf erring with the determination of bensultap in cabbage, Chinese cabbage, and radish root and leaf, purification by alumina column chromatography was necessary in addition to the solvent partitioning.
Determination
Although NTXS could be determined by HPLC, the determination of NTX by GC was more efficient to analyze the residual bensultap in crops due to its selectivity and easy handling. NTX could be detected at high sensitivity by GC-FTD (a flame thermionic detector) as well as GC-FPD. However, GC-FPD was more suitable for the analysis of NTX, because by GC-FTD coextractives surviving the purification procedure was likely to interfere with the measurement. The relationship between the equivalent peak height and injected standard NTX oxalate (ng) on a log-log paper was linear in a range from the minimum detectable amount (1 ng) to at least 25 ng.
Recoveries and Limits of Detection
As shown in Table 5 , recoveries and limits of detection ranged from 76 to 95% and 0.01 to 0.05ppm, respectively. Typical chromatograms are shown in Fig. 9 , which indicate the clear separation of bensultap from coextractives surviving the separation process.
The Relation with the Analysis of Metabolites
Bensultap in crops and soils is metabolized via NTXO and NTX. In our analytical method, both NTXO and NTX are determined Chart 3 Table  5 Recoveries,
Recovery tests were carried out at 40 times level of the detection limits. Soils of (1), (2), (3) and (4) were collected from fields at Aino in Nagasaki-ken, Shibetsu in Hokkaido, Kuroishi in Aomori-ken and Yamaguchi in Yamaguchi-ken, respectively. simultaneously with bensultap (Table 6 ). Since these metabolites are still biologically active, this method is considered to be suitable to establish the safety of pesticide. 
